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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part
ISO collaborates closely with the International Electrotechnical Commission (IEC) on a
electrotechnical standardization.

The nrocedu

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

Any t
const

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For ajn explanation on the voluntary nature of standards;‘the meaning of ISO specifi
expregssions related to conformity assessment, as well as information about ISO's adhg
World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT) see
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 106, Dentistry, Subcommitte
and r¢storative materials.

This fifth edition cancels and replaces the/fourth edition (ISO 4049:2009), which has bee
revis¢d. The main changes compared ‘to'the previous edition are as follows:

the test for sensitivity to anibient light has been changed because a filter used in the
was not available;

the test for radio-opacity has been updated to refer to ISO 13116;

luting materials-nalonger have to conform to the requirement for depth of cure;

the manufactiirer is now required to publish details of material composition, see Clau

several mitior changes have been made to clarify content together with editorial chan

Any feedback or questions on this document should be directed to the user’s national stanc

in the work.
1l matters of

intenance are
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nce with the

he subject of
ts. Details of
ction and/or

and does not

c terms and
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Introduction

Specific qualitative and quantitative requirements for freedom from biological hazard are not included
in this document. It is recommended, however, that reference should be made to ISO 10993-1 and
ISO 7405 when assessing possible biological or toxicological hazards.
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Dentistry — Polymer-based restorative materials

1 Scope

This document specifies requirements for dental polymer-based restorative materials supp

lied in a form

suitable for mechanical mixing, hand-mixing, or intra-oral and extra-oral external energy activation,
and intended for use primarily for the direct or indirect restoration of the teeth and for luting.

The polymer-based luting materials covered by this document are intended for use in,the
or fixation of restorations and appliances such as inlays, onlays, veneers, crowns(and |
docuinent does not cover those polymer-based luting materials that have an adhesive/.comp
the stiructure of the material (see ISO/TS 16506).

The d
matel

ocument does not cover polymer-based materials intended to prevent caries (see IS
ials or those used for veneering metal sub-frames (see ISO 10477

2 N

The f
const|
undaf

ormative references

bllowing documents are referred to in the text in such‘a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

ISO 1942, Dentistry — Vocabulary

[SO 3696:1987, Water for analytical laboratory use'— Specification and test methods

[SO 7491:2000, Dental materials — Determination of colour stability

ISO 8p01-1:2019, Date and time —Repkesentations for information interchange Part — 1: Ba
ISO 8p01-2:2019, Date and time =<Representations for information interchange Part — 2: Ex
[SO 1B116:2014, Dentistry — ‘Test method for determining radio-opacity of materials

ISO 17304:2013, Dentistry — Polymerization shrinkage: Method for determination of pd
shrinkage of polymer-bdsed materials

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1942 and the fol

cementation
bridges. This
onent within

D 6874), core

their content
applies. For
ents) applies.

bic rules

fensions

lymerization

owing apply.

ISO a

ddresses:

2 al b o 4o H ] 3 l1do+:-1 £ 3 £ P2 P 43 £ 4 £o11 3
IO TG arca T CCT IO TU ST  aT U a Ca o a S TS TOT O ST Stamraar U ZatroTr at I TUTTO W IITg

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

31
opaque
shade of an intensely pigmented polymer-based restorative material of low translucency

3.2
outer pack
form of packaging used to combine a number of single dose containers or capsules

© IS0 2019 - All rights reserved
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3.3

outermost packaging

form of packaging used to combine material and additional items, including instructions for use and
any proportioning or mixing devices, that are supplied with the material

3.4

container

capsule

primary packaging of the material

4 Classification

4.1 Type

For the purposes of this document, dental polymer-based restorative materials are classified info the
following types.

— Type 1] Polymer-based restorative materials claimed by the manufacturer as suitable for
restoratjons involving occlusal surfaces;

— Type 2: All other polymer-based restorative materials, and luting materials.

4.2 C(lass
The three cldsses of dental polymer-based restorative material§’are as follows:

— Class 1:| Materials whose setting is effected by mixing an initiator and activator (“Self-cyring”
materialls).

— Class 2:|Materials whose setting is effected by‘the application of energy from an external spurce,
such as blue light or heat, (“external-energyractivated” materials, see also Table 4, items 9 and 20).
They arg subdivided as follows:

1) Group 1: Materials whose use requires the energy to be applied intra-orally;

2) GroWyp 2: Materials whose useTequires the energy to be applied extra-orally. When fabritated,
these materials will be luted into place.

Certain materials may bé&elaimed by manufacturers to be both Group 1 and Group 2. In this|event
the matdrial shall fulfikthe requirements for both groups.

NOTE Class 2 Juting materials fall into Group 1 only.

— Class 3:|Materials that are cured by the application of external energy, and also have a self-quring
mechanism present (“dual-cure” materials).

5 Requirements

5.1 Biocompatibility
For guidance on biocompatibility see ISO 7405 and ISO 10993-1.

5.2 Physical and chemical properties

5.2.1 General

If a restorative material is supplied by the manufacturer in various shades, each shade, including opaque
shades, shall be capable of satisfying all the requirements for sensitivity to the dental operating light

2 © IS0 2019 - All rights reserved
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(5.2.7), depth of cure (5.2.8), shade (5.3) and colour stability (5.4) appropriate to the material type and
class. If the material is supplied such that it can be “tinted” or “blended” to the user’s prescription, the
material shall conform to the requirements both when used alone and when used with the maximum
recommended proportion of tint or blender (see Table 4, item 19). Depth of cure (5.2.8) of luting
materials shall not be tested.

Colour stability (5.4) of luting materials shall not be tested unless the manufacturer claims such a
property.

In respect of the other requirements of 5.2 and those of 5.5, only one representative shade of restorative
materials shall be tested. This representative shade shall be either that classified by the manufacturer
as “Upiversal” or, in the event that no shade is so classified, that shade corresponding to “A3” in the
Vita®W classification of shade. However, if the manufacturer claims a higher value for radig-opacity (see
5.5 and Table 4, item 28) for any other shade, this claim shall be tested.

The requirements are summarized in Tables 1, 2 and 3.

5.2.2| Film thickness, luting materials

The f]lm thickness of luting materials when determined in accordancé\with 7.5 shall be o more than
10 unp above any value claimed by the manufacturer and in any event'shall be no greater than 50 pm.

5.2.3| Working time, Class 1 and Class 3 restorative materjals, excluding luting materials

The working time for Class 1 and Class 3 restorative matétials, excluding luting materials, determined
in acqordance with 7.6, shall be no less than 90 s.

5.2.4| Working time, Class 1 and Class 3 luting'materials

Wher] tested in accordance with 7.7, the material shall be capable of forming a thin lay¢r; during its
formgtion there shall be no detectable change in its homogeneity.

5.2.5| Setting time, Class 1 materials

The sgtting time for Class 1 restorative materials, excluding luting materials, determined ih accordance
with [7.8, shall be no more than 5 min. The setting time for Class 1 luting materials, dgtermined in
accorfance with 7.8, shall bé no more than 10 min.

5.2.6| Setting time;Class 3 materials

The setting time'for Class 3 materials, determined in accordance with 7.8, shall be no more|than 10 min.

5.2.7| Semnsitivity to light, Class 2 materials

Wherl tested in accordance with 7.9, the material shall remain physically homogeneous

5.2.8 Depth of cure, Class 2 materials excluding luting materials

When determined in accordance with 7.10, the depth of cure of Class 2 restorative materials shall be
no less than 1 mm if they are labelled by the manufacturer as opaque, or no less than 1,5 mm for other
restorative materials.

In any event, the values for all materials shall not be more than 0,5 mm below the value stated by the
manufacturer.

1) Vita® is a trade name of Vita Zahnfabrik, H Rauter GmbH & Co K G, Postfach 1338, D-79704 Bad Saeckingen,
Germany. This information is given for the convenience of the users of this document and does not constitute an
endorsement of this system by ISO.

© IS0 2019 - All rights reserved 3


https://standardsiso.com/api/?name=ea34951cbd516d2fd38b0a12829924fc

ISO 4049:2

019(E)

5.2.9 Flexural strength

The flexural strength of polymer-based restorative materials determined in accordance with 7.11, shall

be equal to o

r greater than the limits specified in Table 1.

Table 1 — Flexural strength

5.2.10 Watg
When detern

a)

the watsd

b) the solubility of all materials shall be equal to or less than 75 j1g/mms3.

5.3 Shade

When the m|
shall closely
manufacturg
used in asses
material sha

5.4 Colou
When the m|

Restorative materials Fll\(/el);ural_st_rength
a minimum
Type 1 Class 1 80
Class 2, Group 1 80
Class 2, Group 2 100
Class 3 80
Type 2 Class 1 50
(including luting materials) Class 2, Group 1 50
Class 3 50

e sorption and solubility
hined in accordance with 7.12:

r sorption of all materials shall be equal to or less than40 pg/mms3.

of restorative materials

aterial is assessed in accordance withZ13 and ISO 7491, the shade of the set mg
match that of the manufacturer’s shade guide. If a shade guide is not supplied H
r, then the manufacturer shall nominate a commercially available shade guide that sh
sing conformance with this reqiivement (see Table 4, items 13 and 25). In addition, t
1 be evenly pigmented whenyiewed without magnification.

I stability after irradiation and water sorption

colour shall
of a manufa
in colour sh

5.5 Radio

urer’s claimAor/colour stability. In the event of such a claim, no more than a slight c
I be observed when the material is tested in accordance with 7.13 and ISO 7491.

-opacity

terial
y the
all be
he set

pterial is tested in“accordance with 7.13 and ISO 7491, no more than a slight change in
i%e observed. In respect of luting materials, colour stability shall be tested only in the

event
hange

5.5.1 Ifthe

)

), the

radio-opacity, determined in accordance with 7.14, shall be equal to or greater than that of the same
thickness of aluminium and no less than 0,5 mm below any value claimed by the manufacturer.

5.5.2 This test shall be performed on a “universal” shade (see 5.2.1) but if the manufacturer claims a
value for another shade or shades that is at least twice the “universal” shade value, this other shade or
shades shall be tested as described in 5.5.1 (see Table 4, item 28).

NOTE

opacity equivalent to 1 mm of aluminium has a radio-opacity equivalent to that of dentine.

Aluminium has a radio-opacity equivalent to that of dentine. Thus 1 mm of material having a radio-

© ISO 2019 - All rights reserved
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Table 2 — Physical and chemical property requirements for restorative materials, excluding
luting materials
(see Table 1 for minimum flexural strength)

Requirement (subclause)
Material Working time Setting time Depth of cure2 Wat::il;)iorp- Solubility
Class (5.2.3) (5.2.5, 5.2.6) (5.2.8) (5.2.10) (5.2.10)
s min mm Hg/mms3 ng/mm3
minimum maximum minimum maximum maximum
tasst 90 5 — 40 7,5
(5.2.5)
Class 2 — — 1,0 (opaque shade) 40 7,5
1,5 (others)
Class 3 90 10 — 40 7,5
(5.2.6)
a  The values for all materials shall be no more than 0,5 mm below the value statéd by the manufacturer.
Table 3 — Physical and chemical property requirements for luting materials
Requirement\(subclause)
Film thicknessa W(t)il;il(:eng Setting time | Water sorption Sdlubility
Matprial Class (5.2.2) (5.24) |(8:2.5,5.2.6) (5.2.10) (5.2.10)
um S min pg/mms3 pg/mms3
maximum minimum maximum maximum maximum
Class 1 50 60 10 40 7,5
(5.2.5)
Class 2 50 — — 40 7,5
Class 3 50 60 10 40 7,5
(5.2.6)
a2 The determined value shall be no more than 10 pm above any value claimed by the manufacturer.
6 Sampling
The test sample shall consist of packages prepared for retail sale from the same batch containing
enough material to carry out the specified tests, plus an allowance for repeat tests, if necessary. 50 g
shoulfd®e sufficient.

7 Test methods

7.1 General reagent — Water

For the tests, use water prepared in accordance with ISO 3696:1987 Grade 2.

7.2 Test conditions

Unless otherwise specified by the manufacturer, prepare and test all specimens at (23 + 2) °C. Control
the relative humidity to ensure that it remains greater than 30 % and less than 70 % at all times. If the
material was refrigerated for storage, allow it to attain (23 * 2) °C before testing.

© IS0 2019 - All rights reserved
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For Class 3 materials, the tests for working time (see 7.6) and setting time (see 7.8) shall be performed
in the absence of activating radiation.

Ambient light, both natural and artificial, is capable of activating these materials. To control this, the

test should b

e performed in a dark room with any artificial light filtered by a yellow filter?).

7.3 Inspection

Inspect visually to check that requirements specified in Clause 8 have been met.

7.4 Prepa

ration of test specimens

For the prep
instructions
the material
condition (s8

Mix or other

conditions specified in 7.2.

Where fully-

aration of Class 2 and Class 3 materials, reference shall be made to the manufact
(see Table 4, item 20) that state the external energy source or sources recommmend
5 to be tested. Care shall be taken to ensure that the source is in a satisfactory ope
e ISO 10650 for guidance.)

vise prepare the material in accordance with the manufacturer’s ingtyuctions and th

cured specimens are required for testing (711 to 7.14), it iS.important to ensur

the specime
discontinuiti

Some polymer-based materials, particularly certain luting matetials, have a chemical affinity fo1
metals. This [property creates difficulty when removing speciniéns from metal moulds. Reference
be made to the information supplied by the manufacturer (see‘Table 4, item 26) regarding this pro

and, if it is cl
metallic mat

7.5 Measurement of film thickness of luting materials
7.5.1 Apparatus

7.5.1.1 Twpo glass plates, optically flat, square or circular, each having a contact surface al

(200 + 25) m

hs are homogeneous after removal from the mould. Thetre shall be no clefts,
s or air inclusions present when viewed without magnification.

brial such as high-density polyethylene.

m2. Each plate shall be\ofa uniform thickness no less than 5 mm.

urer’s
bd for
rating

e test

b that
voids,

" base
shall

perty

himed, moulds for the preparation of specimeis of such materials may be made frony non-

rea of

7.5.1.2 Loading device of.thie type illustrated in Figure 1, or an equivalent means, whereby a force of

(150 + 2) N 4

hay be applied vertically to the specimen via the upper glass plate. In Figure 1, the anv

il that

2) Polyester filter 101, Lee Filters, Andover, Hants, UK is an example of a suitable product available commercially.
This information is given for the convenience of the users of this document and does not constitute an endorsement
of this product by ISO. Alternatives are long-pass filters with a cut off above 525 nm.

6

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=ea34951cbd516d2fd38b0a12829924fc

ISO 4049:2019(E)

is attached to the bottom of the rod shall be horizontal and parallel to the base. The load shall be applied
smoothly and in such a manner that no rotation occurs.

Key
1 specimen
2 glass plates

Figure ¥ — Loading device for use in the film thickness test (see 7.5)

A holdler may.bejused to assist in the positioning of the plates. Such a device consists of a bgseplate with
three|vertical pins to align circular plates or four pins to align square plates (See Figure 2}.

© IS0 2019 - All rights reserved 7
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NOTE2 Th
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e diameter, d, slightly exceeds the diameter of the glass plates.

e height, h, of the pins is 1,5 times the height of one of the glass plates.

Figure 2 — Holder to assist stabilization of the glass plates (see 7.5)

7.5.1.3 Exflernal energy source (for Class 2 and Class~3 materials), as recommended b

manufacture

7.5.1.4 Mig

7.5.1.5 Tin

7.5.2 Test

7.5.2.1 Pr

Measure, to
stacked in cg
and 0,10 ml d

I for use with the material under test.

'rometer or equivalent measuring instrument, accurate to 0,001 mm.
ner accurate to 1 s.

procedure

pliminary steps

an accuracy of-0;001 mm, the combined thickness of the two optically-flat glass
ntact with the micrometer (reading A). Remove the upper plate and place between 0
fthe test material treated in accordance with the manufacturer’s instructions in the ¢

of the lower plate and'place this centrally below the loading device on its lower plate. Replace the s

glass plate ce
holder (Figu

[e.2)\is helpful.

y the

blates
02 ml
entre
pcond

ntrallyonto the test specimen in the same orientation as in the original measuremenit. The

The volume of material needed to fill completely the space between the glass plates will vary according
to the material’s viscosity. A preliminary test may be used to determine the appropriate volume.

7.5.2.2 Class 1 materials

At (60 * 2) s after mixing Class 1 materials, carefully apply a force of (150 + 2) N vertically and centrally
to the specimen via the top plate for (180 + 10) s. Ensure that the cement has completely filled the space
between the glass plates. At least 10 min after the commencement of mixing, remove the plates from
the loading device and measure the combined thickness of the two glass plates and the specimen film,

again taking

the reading in the centre of the plates (reading B).

Record the difference between reading A and reading B, to the nearest micrometre, as the film thickness
of the luting material.

© ISO 2019 - All rights reserved
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Carry out five determinations.

7.5.2.

3 Class 2 and Class 3 materials

Immediately after dispensing Class 2 materials or after mixing Class 3 materials, carefully apply a force
of (150 + 2) N vertically and centrally to the specimen via the top plate for (180 = 10) s. Ensure that
the cement has completely filled the space between the glass plates. Immediately after the period of
loading release the loading system and irradiate the specimen through the centre of the upper glass
plate for twice the recommended exposure time.

NOTE

This irradiation is not intended to cure the material totally, but to stabilize the

specimen for

measys

After
meas
in the

Recor
of the

Carry

7.5.3
Recoy]

a) i
c

b) If
c) I

< ct

d) 1

=

(0]

ire the combined thickness of the two glass plates and the specimen film, again|takin
centre of the plates (reading B).

d the difference between reading A and reading B to the nearest micrometre as the f
luting material.

out five determinations.

Treatment of results
d the film thickness and report as follows:

at least four of the values are equal to or lessithan 50 pm, the material is dee
bnformed to the first requirement of 5.2.2.

three or more values are greater than 50-4im, the material is deemed to have failed.

he values is greater than 50 um on-the second occasion, the material is deemed to hz

hole test.

the manufacturer claims aspecific value for film thickness, at least four of the five v3
p more than 10 pm greaterthan the claimed value in order to conform to the second
[5.2.2.

the irradiation of Class 2 and Class 3 materials, remove the plates from the leadinlg device and

o the reading

Im thickness

med to have

only three of the values are equal to ot less than 50 um, repeat the whole test. If onie or more of

1ve failed the

hlues shall be
requirement
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7.6 Working time, Class 1 and Class 3 restorative materials, excluding luting materials
7.6.1 Apparatus

7.6.1.1 Thermocouple apparatus, as shown in Figure 3.
PL 1

Key

1  polyethylgne tubing

2 polyamidp block

3 stainless pteel tube

4 thermocduple-cone of solder

Figune 3 — Apparatus for determination of working and setting times (see 7.6, 7.8)

The apparatfyis consists of a piece of high-density polyethylene (or similar material) tubing, 1, Igcated
on a block of pglyamide or similar material, 2, having a hole into which is inserted a stainless-steel tube,

3, containing-a-Stabilized-thermoeouplte4-

Tube 1 shall be 8 mm long, 4 mm in internal diameter and have a wall thickness of 1 mm. The locating
part of block 2 shall be 4 mm in diameter and 2 mm high. When assembled, the two components shall
form a specimen well 6 mm high x 4 mm in diameter. In order to facilitate removal of the specimen
after testing, the thermocouple 4 shall have a conical tip which protrudes 1 mm into the base of the
specimen well. The tolerances on the above-mentioned dimensions are * 0,1 mm.

The thermocouple shall consist of wires (0,20 + 0,05) mm in diameter, made of a material (e.g. copper/
constantan) capable of registering temperature changes in a specimen of setting material to an accuracy
of 0,1 °C. The thermocouple is connected to an instrument (e.g. voltmeter or chart recorder) capable of
recording the temperature to that accuracy.

7.6.1.2 Timer accurateto1s.
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7.6.2 Procedure

Prepare the test material in accordance with the manufacturer’s instructions (see Table 4) and start
timing from the moment mixing is begun. Maintain the mould at (23 * 1) °C and, 30 s after the start of
mixing, place the mixed material in the mould and record the temperature, T, of the material. Maintain
the apparatus (7.6.1.1) at (23 * 1) °C and continuously record the temperature of the material until the
maximum temperature has passed.

A typical recording trace is shown in Figure 4. As soon as the material is inserted into the mould,
the temperature will rise slightly to T1 and then fall until it becomes steady at T¢ and then starts to
increase. The point at which the temperature begins to increase denotes the start of the setting
reaction and, therefore the end of the working time Determine this point hy drawing a horizontal
base line at (To * 0,1) °C and recording &, at the point of intersection with the trace, Thle results are
extremely temperature-dependent and slight variations within the permitted temperatufre range will
cause| variations of several seconds. Record the working time, ty, from the start'of mixing until the
temperature starts to increase.

Carry  out five determinations.

Y A

a
b
Tl s
tw X
Key
X  time
Y tgmperature
a  Start’ef mixing
b [nsertion
Figure 4 — Determination of working time (see 7.6.2)

NOTE The schematic diagram shows the temperature at the time of insertion, Tg, the slight temperature

increase immediately after insertion, to T1, and the initial time of temperature increase which denotes the start
of the setting reaction and, therefore, the end of the working time, ty.

7.6.3 Treatment of results
Record the working times and report as follows:

a) Ifatleast four of the times obtained are equal to or longer than 90 s, the material is deemed to have
conformed to the requirement of 5.2.3.

© IS0 2019 - All rights reserved 11
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b) Ifthree or more of the times are shorter than 90 s, the material is deemed to have failed.

c) Ifonly three of the times are equal to or longer than 90 s, repeat the whole test. If one or more times
are shorter than 90 s on the second occasion, the material is deemed to have failed the whole test.

7.7 Working time, Class 1 and Class 3 luting materials

7.7.1 Apparatus

7.7.1.1 Two glass microscope slides.

7.7.1.2 Tiq

7.7.2 Prod

At 60 s after
glass micros
with a shear

Visually insp

ner accurate to 1 s.

edure

the completion of mixing, place a spheroidal mass of approximately 30 ing of materig
cope slide (7.7.1.1) and immediately press the second microscope slide against the mg
ng action to produce a thin layer.

ect the material to see whether it is physically homogeneous:

NOTE D

ing this test, if the material has begun to set, clefts and voidsqvillappear in the specimen wh

thin layer is b¢ing produced. Alternatively, with rapid setting materials, there will be an increase in viscosi
will prevent the layer being produced.

Repeat the e

7.7.3 Trea

If, on visual
formed a thil

tire procedure twice, using a new sample for each test. Record the results of all three

tment of results

1 layer, the material is deemed to have conformed to the requirement of 5.2.4.

7.8 Setting time, Class 1 and Class 3 materials

7.8.1 Apparatus for the determination of setting time of Class 1 and Class 3 restorative

materials

7.8.1.1 Th

ermocouple apparatus, as specified in 7.6.1.1.

7.8.2 Apparatus for the determination of setting time of Class 1 and Class 3 luting materia

7.8.2.1 Th

and thus for

7.8.3 Procedure

Use the procedure specified in 7.6.2 but maintain the apparatus (7.8.1) at (37 + 1) °C.

lona
terial

en the
y that

tests.

inspection, the material of all threg samples remains physically homogeneous and has

Is

=rmocouple apparatus as spec1f1ed in 7.6. 1 1 except that the tube A shall be 6 mm long

Measure the time from the start of mixing until a plateau at maximum temperature is reached (see
Figure 5). Extend the plateau backwards to meet an extension of the straight line of temperature
increase. Record this time, ts, as the setting time.

Perform the test five times.

12

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=ea34951cbd516d2fd38b0a12829924fc

Key
X
Y

a

NOTE The setting time, ts, is determined by-extending the plateau backwards to meet an ex]
straight line of temperature increase. This proyides a distinct datum point.

7.8.4| Treatment of results

Recorild the setting tinies; refer to Table 2 or Table 3 for the particular material under test 4

tifne
tgmperature
Start of mixing

ISO 4049:2019(E)

Figure 5 — Method for determining setting time (see 7.8)

tension of the

ind report as

follows:

a) Ifatleast fouf of the times obtained are no more than the value specified in Table 2 or Table 3 for the
pprticularmaterial, the material is deemed to have conform to the requirement of 5.2.b or 5.2.6.

b) Ifithree or more of the times are longer than the value specified in Table 2 or Table 3 for the particular

eri he materialis deemed to have failed to conform to the requirement of 5.2.5 gr 5.2.6.

c) Ifonly three of the times are no more than the value specified in Table 2 or Table 3 for the particular
material, repeat the whole test. If one or more times are longer than the value specified in Table 2
or Table 3 for the particular material, the material is deemed to have failed to comply with the
requirement of 5.2.5 or 5.2.6.

7.9 Sensitivity to light, Class 2 materials

NOTE The purpose of this test is to determine whether the material remains manipulable during the

placement of a restoration in the mouth when it will be exposed to ambient and the dental operating light.

© IS0 2019 - All rights reserved
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7.9.1 Apparatus

7.9.1.1 Xenon lamp, or radiation source of equivalent performance with a colour temperature of
5000 K to 7 000 K with ultraviolet filter inserted.

The ultraviolet filter shall be made of borosilicate glass with a transmittance < 1 % below 300 nm
and > 90 % above 370 nm.

According to ISO 9680, the preferable colour temperature of dental operating lights is 4 500 K-6 400 K.
Xenon lamps may change the spectral emission over time, therefore a periodic inspection or replacement
is recommended.

7.9.1.2 Nentral density filter that does not change the wavelength distribution of the xenonramp.
NOTE The neutral density filter (ND filter) is a light reducing filter that will reduce the light intensity from

the xenon lanp without the significant modulation of the distance and the electric voltage. ND\filters originally
prepared for dameras are easily available.

7.9.1.3 Twp glass microscope slides/plates
7.9.1.4 Luxmeter, capable of measuring illuminance of (2 900 + 200) I¥to an accuracy of + 100 Ix.
7.9.1.5 Hejght-adjustable table

7.9.1.6 Maijtt black cover for the luxmeter.

This is intengled to prevent reflection from the cell interfering with the observation of the specimgn.
7.9.1.7 Timer accurateto 1 s.

7.9.2 Prodedure

In a dark roojm, position the cell of the luxmeter (7.9.1.4) under the xenon lamp with the ultraviolet filter
inserted (7.9]1.1).

Sufficient time should be allowéd)after switching on for the xenon lamp to reach a stable ¢olour
temperature

Adjust the illuminance te(2/900 + 200) Ix by applying one of the procedures described in a), b] or c)
below, otherise by apfilying any combination of these procedures.

a) Modulatp the distance between the xenon lamp (7.9.1.1) and the light receiving cell of the luxmeter
(7.9.1.4) whére the specimen will be placed using the height-adjustable table (7.9.1.5).

b) Attenuatetheetectric voltage of theequipmment for tire Xemnorr HghtSourTe.
c) Apply the neutral density filter (7.9.1.2).

NOTE If adjustment to the voltage is used, ensure that the colour temperature remains within the
specified range.

Cover the cell with the matte black cover (7.9.1.6). Place a spheroidal mass of approximately 30 mg of
material on a glass microscope slide (7.9.1.3), position the slide on top of the cell and expose it to the
light for (60 = 5) s. Remove the slide with the sample from the irradiated area and immediately press
the second microscope slide against the material with a shearing action to produce a thin layer.

Visually inspect the material to see whether it is physically homogeneous.
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During this test, if the material has begun to set, discontinuities and voids will appear in the specimen
when the thin layer is being produced. It may aid the inspection to compare the test specimen with one
that has been produced in the absence of light.

Repeat the entire procedure twice, using a new sample of material for each test. Record the results of
all three tests.

7.9.3 Treatment of results

If, on visual inspection, the material of all three samples remains physically homogeneous, the material
is deemed to have conformed to the requirement of 5.2.7.

7.10|Depth of cure, Class 2 materials excluding luting materials
7.10.1 Apparatus

7.10.1.1 Stainless steel mould, for the preparation of a cylindrical speeimeéen, 6 mm long and with a
diamg¢ter 4 mm. If the manufacturer claims a depth of cure in excess of 3mm the mould shpll be at least
2 mm|{longer than twice the claimed depth of cure.

A motild release agent which does not interfere with the setting+r&action, for example a 3 P4 solution of
polyvlinyl ether wax in hexane, may be used to facilitate removal‘of the specimen.

7.10.1.2 Two glass slides/plates, each of sufficient area te cover one side of the mould.

Standard glass microscope slides may be used.
7.10.1.3 White filter paper
7.10.1.4 Film, transparent to the activatifig radiation, (50 + 30) um thick, e.g. polyester.

7.10.1.5 External energy source;as recommended by the manufacturer for use with the|test material
(see Table 4, item 20).

7.10.1.6 Micrometer, accurate to at least 0,005 mm.
7.10.1.7 Plastics spatula

7.10.2 Procedure

Place|theqmiould (7.10.1.1) onto a strip of the transparent film (7.10.1.4) on a glass microscppe slide. Fill
the motitd with the test material, prepared in accordance with the manufacturer’s instrudtions, taking
care {0 exclude air bubbtes. Stightly overfill the mould and put a Second strip of the transparent film
on top followed by the second microscope slide. Press the mould and strips of film between the glass
slides (7.10.1.2) to displace excess material. Place the mould onto the filter paper (7.10.1.3), remove the
microscope slide covering the upper strip of film and gently place the exit window of the external energy
source (7.10.1.5) against the strip of film so that the centre of the window is aligned with the centre of
the specimen. Irradiate the material for the time recommended by the manufacturer to achieve a depth
of cure of at least 1,0 mm for opaque shade restorative materials or 1,5 mm for all other materials.

Class 2 Group 2 materials shall be tested after exposure to irradiation from the primary source and not
after processing in a curing oven.

NOTE The test is intended to demonstrate the conversion of monomer to polymer at the modelling stage that
enables the material to be transferred from the die to the curing oven.
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Immediately after completion of irradiation remove the specimen from the mould and remove the
uncured material with the plastics spatula (7.10.1.7). Measure the height of the cylinder of cured
material with the micrometer (7.10.1.6) to an accuracy of 0,1 mm and divide the value by two.

Record this value as the depth of cure.

Repeat the test twice.

7.10.3 Treatment of results

If all three values for opaque shade restorative materials are no less than 1,0 mm, and for all other
materials nolessthan 1 5 mm the materialisdeemed to have conformed to the first requirement of 5.2.8.

In order to cpnform to the second requirement of 5.2.8, all three values shall be no more than.0,6 mm
below the value stated by the manufacturer.

7.11 Flexural strength
7.11.1 Apparatus

7.11.1.1 Mould, e.g. stainless steel, for the preparation’s of a test spegimen
(25 £ 2) mm[ x (2,0 £ 0,1) mm x (2,0 £ 0,1) mm. A mould release agent/(see 7.10.1.1) may be uged. A
suitable moyld is illustrated in Figure 6. See also 7.4, paragraph 4,for‘the preparation of metal affinity
materials.

Dimensions in millignetres

Figure 6 — Mould for preparation of flexural strength test specimens (see 7.11)

7.11.1.2 Two metal plates, each of sufficient area to cover the mould. For Class 2 and Class 3 materials,
a glass microscope slide for use during polymerization.

7.11.1.3 Small screw clamp capable of exerting pressure on the metal plates during specimen
preparation.

The results from this test are extremely sensitive to errors in specimen preparation, such as
discontinuities or air inclusions which may be more common when preparing highly viscous materials
that are particularly difficult to insert into the mould. If difficulty is experienced in preparing
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satisfactory specimens for this type of material, it is recommended that the clamp should be replaced
by a press, capable of applying a load of 1 000 kg to the metal plates during specimen preparation.

7.11.1.4 Film, transparent to the activating radiation, (50 * 30) um thick, e.g. polyester.
7.11.1.5 White filter paper
7.11.1.6 Water bath capable of being maintained at (37 + 1) °C.

7.11.1.7 External energy source(s) (for Class 2 and Class 3 materials) as recommended by the
manuffacturer for use with the test material (see Iable 4, item 20]J.

7.11.1.8 Micrometer, accurate to at least 0,005 mm.

7.11.1.9 Mechanical testing device, appropriately calibrated, to provide a ¢onstant cros
of (0,¥5 £ 0,25) mm/min or a rate of loading of (50 = 16) N/min.

5-head speed

The flexural strength test apparatus consists essentially of two rods\(2 mm in diamet
parallel with (20 £ 0,1) mm between centres, and a third rod (2 min in diameter) centi
rallel to, the other two, so that the three rods in combination can be used to give
ing to the specimen.

br), mounted
red between,
h three-point

D

Preparation of test specimens

7.11.2.1 Class 1 materials

Cover| one of the metal plates (7Z.11.1.2) with the filter paper (7Z11.1.5) followed by the fi
and plosition the mould (7.11.1.1) upon it. Prepare the material in accordance with the mz:
instryctions and immediately place it as-evenly as possible without bubbles or voids in
with a slight excess. Place a second piece of film onto the material in the mould and cover
second metal plate.

Applyf pressure to displace the eéxcess material by means of the clamp (7.11.1.3) for 1 n
manufacturer’s recommended ¢uring time place the assembly in the water bath (7.11.1.6), 1
(37 £[1) °C. After 60 min frém the start of mixing, separate the mould and remove the specin
Inspefct the specimen visually for any bubbles, voids or other defects. If there are any irreg
specifmen shall be discarded and a new one made. Remove any flash by gently abrading it

abrasjive paper. Stgrethe specimen in water (7.1) at (37 + 1) °C until the start of testing (se

Im (7.11.1.4),
inufacturer’s
o the mould
this with the

in. After the
naintained at
nen carefully.
ularities, the
with 320 grit
e 7.11.3).

Prepdre five specimens.

7.11.2.2" Class 2 and Class 3 materials

Prepare the material in accordance with the manufacturer’s instructions and fill the mould with the
material, as described in 7.11.2.1. For Class 2 Group 1 and Class 3 materials, replace one of the metal
plates with a glass slide (7.11.1.2), and place the exit window of the external energy source (7.11.1.7)
at the centre of the specimen and against the glass plate. Irradiate that section of the specimen for the
recommended exposure time. Move the exit window to the section next to the centre overlapping the
previous section by half the diameter of the exit window and irradiate for the appropriate time. Then
irradiate the section on the other side of the centre in the same way. Continue this procedure until
the entire length of the specimen has been irradiated for the recommended exposure time. Repeat the
irradiation procedure on the other side of the specimen. (See Figure 7.) Place the assembly in the water
bath maintained at (37 * 1) °C for 15 min. Then remove the specimen from the mould and carefully
remove any flash by gently abrading it with 320 grit abrasive paper. Store in water (7.1) at (37 + 1) °C
until the start of testing (see 7.11.3).
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NOTE

In the example, the diameter of the irradiation window of the external energy source is 7 mm.

ne

Figure 7

For Class 2 G
energy sour
prior to the
in accordang
specimen frd
paper. Place
apparatus ar

If no precon
and the mou
mould and c{
(Z1) at (37 £

Prepare five

7.11.3 Prod

Measure the
to the flexur

At 24 h after
aload to the

— Schematic diagram of overlapping irradiation zones for the preparation of t
flexural strength specimens

roup 2 materials, follow the manufacturer’s instructions regarding the usecf the ex]
e, (see Table 4, item 20). If the instructions require a preliminary exposure to blug
placement of the specimen into the external energy apparatus, perform this exp
e with the procedure specified in the paragraph above (Group 1 nmiaterials). Remoy
m the mould and carefully remove any flash by gently abrading-«it-with 320 grit ab
it directly in the external energy apparatus. After curing, remeve the specimen fro
d store in water (7.1) at (37 + 1) °C until the start of testing {(see 7.11.3).

litioning is required prior to the insertion of the matefial in the apparatus, the mg
d shall be placed in the apparatus for curing. After cuting, remove the specimen fro|
irefully remove any flash by gently abrading it with 320 grit abrasive paper. Store in
1) °C until the start of testing, (see 7.11.3).

specimens.

edure

dimensions of the specimen at its'centre to an accuracy of 0,01 mm. Transfer the spe
h] strength testing apparatus (see”7.11.1.9).

the start of mixing (Class/fxmaterials), or irradiation (Class 2 and Class 3 materials)
specimen at a cross-head speed of (0,75 £ 0,25) mm/min or at a rate of loading

(50+16) N
Record the

Repeat the tq

7.11.4 Trea

Calculate thd

/rI'
aximum load exerted on the specimen either at the yield point or at the point of frac

in until either the specimen reaches the yield point or; if there is no yield point, frac

st on the four-ether specimens.

tmentof results

ernal
light
osure
e the
rasive
m the

terial

Im the

water

Cimen

\pply
fures.

ure.

flexural strength, o, in megapascals, from the following formula:

3Fl
o= >
2bh

where

F isth

isth

e maximum load, in newtons, exerted on the specimen;

e distance, in millimetres, between the supports, accurate to 0,01 mm;

testing.

18

is the width, in millimetres, at the centre of the specimen measured immediately prior to testing;

is the height, in millimetres, at the centre of the specimen measured immediately prior to
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Report as follows:

a) Ifatleast four of the results are equal to or greater than the limit specified in Table 1,
is deemed to have conform to the requirement of 5.2.9.

b) Ifthree or more of the results are less than the limit specified in Table 1, the material
have failed absolutely.

the material

is deemed to

c) Ifonlythree of the results are equal to or greater than the limit specified in Table 1, repeat the whole
test. All five specimens of the second series shall be equal to or greater than the limit specified in

Table 1 for the material to be deemed to conform to the requirement of 5.2.9.

7.12 [Water sorption and solubility
7.12.1 Apparatus

7.12.1.1 Mould of internal dimensions (15,0 * 0,1) mm in diameter and (1,0:% 0,1) mm
prepdration of specimen discs.

A split ring or “washer” mould is suitable. See also 7.4, paragraph 4, for\the preparation of 1
materials.

A motild release agent which does not interfere with the settifig reaction, for example a 3
polyvlinyl ether wax in hexane, may be used to facilitate remeval of the specimen.

7.12.1.2 Film transparent to the activating radiation,&.g. polyester, (50 + 30) um thick.

7.12.1.3 Two metal plates of sufficient area to_cever the mould.

For Class 2 and Class 3 materials, a glass microscope slide for use during polymerisation.

.1.4 Two desiccators, containing silica gel freshly dried according to the m
ctions for the silica gel. Replace the silica gel with freshly dried gel after each weighin

1.5 External energy source(s) (for Class 2 and Class 3 materials), as recomms
acturer for use withthe test material (see Table 4, item 20).

.1.6 Oven capableof being maintained at (37 * 2) °C.
.1.7 Analytical balance accurate to 0,05 mg in the measuring range required in the te

7.12.1.8 " Micrometer, accurate to at least 0,005 mm.

deep, for the

netal affinity

Do solution of

hnufacturer’s
b sequence.

nded by the

7.12.1.9 Clamps

7.12.1.10 Plastics tweezers

To avoid contamination of the specimens, they shall be handled at all times with the tweezers.

7.12.1.11 Hand dust-blower or source of oil-free compressed air with micro-jet nozzle.

7.12.1.12 Timer accurate to 1 s.

© IS0 2019 - All rights reserved
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7.12.2 Preparation of test specimens

7.12.2.1 Class 1 materials

Place a piece of film (7Z.12.1.2) on one of the metal plates (7Z.12.1.3) and place the mould (7.12.1.1) on
it. Slightly overfill the mould with the material, prepared in accordance with the manufacturer’s
instructions. Place a second piece of film onto the material in the mould and cover this with the second
metal plate, thus displacing excess material.

Clamp the mould together and transfer the assembly immediately to the oven (7.12.1.6) maintained
at (37 + 2) °C. After 60 min, timed from the start of mixing, remove the specimen from the mould,

taking care

irregularitie
rotating grin
specimen pe
(712.1.11). 7

Prepare five

7.12.2.2 CIg

Prepare the

material as d
the film in pl
exit window
that section

section of thg
the whole sj

5. Hold the periphery of the specimen against No. 1 000 grit abrasive paper en’s
ding table and rotate the specimen so that the periphery is abraded. Visually.inspe
Fiphery to ensure it is smooth. Blow debris away with the compressed air jet-or dust b
he diameter of the finished specimen shall be no less than 14,8 mm.

specimen discs in this way.

ss 2 and Class 3 materials

material in accordance with the manufacturer’s instructions and fill the mould wit
escribed in 7.12.2.1 and, having displaced excess material, femove the metal plate, l¢
ace, and replace it with the glass plate. For Class 2, Group 1 and Class 3 materials pla
of the external energy source (see 7.12.1.5) against the glass plate (see 7.12.1.3). Irr4
f the specimen for the recommended exposure tinfe. Move the exit window and irrad
t specimen overlapping the previous section of the specimen. Continue this procedurg
ecimen has been irradiated for the recommended exposure time. Turn the mould

and
non-
ct the
lower

h the
aving
ce the
ndiate
iate a
until
over,

remove the @ fimen

in the same

ther metal plate and replace it with a glassislide. Irradiate the second side of the spe
vay as the first side.

sures
b, The

Atemplate ig
is dependent
external ene

required to perform this overlapping'irradiation efficiently; the exact number of expd
on the diameter of the exit window. Figure 8 shows an example of such a templat
gy source tip diameter is 7 mm:

Figure 8 — Schematic diagram of overlapping irradiation zones for the preparation of the water
sorption specimens, (see 7.12)

Immediately after irradiation, transfer the mould to the oven (7.12.1.6) maintained at (37 * 2) °C. At
15 min after the commencement of irradiation, remove the specimen from the mould and finish the
periphery as described in 7.12.2.1.

Prepare five specimen discs in this way.

For Class 2, Group 2 materials, follow the manufacturer’s instructions regarding the use of the external
energy source(s), (see Table 4, item 20). If the instructions require a preliminary exposure to blue light
prior to the placement of the specimen into the external energy apparatus, perform this in accordance
with the procedure specified in the paragraph above, remove the specimen from the mould and place it
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directly in the external energy apparatus. After curing, remove the specimen from the apparatus and

finish the periphery as described in 7.12.2.1.

If no preconditioning is required prior to the insertion of the material in the apparatus,

the material

shall be left in the mould for curing. After curing, remove the specimen from the mould and finish the

periphery as described in 7.12.2.1.

Prepare five specimens.
7.12.3 Procedure

7.12.B.T Transter the specimens to one of the two desiccators (Z.12.1.4) maintained a

22 h remove the specimens, store them in the second desiccator maintained at (23 + 1)2
then weigh them to an accuracy of 0,1 mg. Repeat this cycle until a constant massmy, is
until the mass loss of each specimen is no more than 0,1 mg in any 24 h period.

Appro¢ximately 2-3 weeks may be necessary to achieve constant mass.

+ 2) °C. After
C for 2 h and
obtained, i.e.

7.12.8.2 After final drying, make two measurements to an accuracy of ;01 mm of the diarpeter at right
anglel to each other and calculate the mean diameter. Measure the-thickness of the specimen at the

centr¢ of the specimen and at four equally spaced points on the circumference to an accurac
Calculate the area, in square millimetres, from the mean diametey and then, using the me
calcullate the volume, V, in cubic millimetres.

y of 0,01 mm.
an thickness,

7.12.8.3 Immerse the specimens in water (7.1) at (37 £.2)°C and place in the oven (7.12.1.6) maintained

at (37 = 2) °C for 7 days in such a way that they are Vertical and have a minimum of 3 m
betwg¢en specimens. A rack is needed to do this efficiently. The volume of water for imm
specimens shall be at least 10 ml per specimensAfter 7 days, remove the specimens, was

m separation
ersion of the
h with water

(7.1),|blot away surface water until free from wisible moisture, wave in the air for 15 s, andweigh 1 min

after femoval from the water. Record this mass as m».

7.12.8.4 After this weighing, recondition the specimens to constant mass in the desiccat
cycle fdescribed in 7.12.3.1. Recordthe constant mass as m3.

7.12.4 Treatment of results

7.12.4.1 Water sorpfion

Calcujate the valu€s for water sorption, Wsp, in micrograms per cubic millimetre, for ea
specimens using the following formula:

iy —ms
Wep o

brs using the

th of the five

where

my is the mass of the specimen, in micrograms, after immersion in water for 7 days (see 7.12.3.1);

m3 is the mass of the reconditioned specimen, in micrograms (see 7.12.3.4);

V  is the volume of the specimen, in cubic millimetres (see 7.12.3.2).
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7.12.4.2 Treatment of water sorption test results

Report the water sorption results as follows:

a) Ifatleast four of the values obtained are equal to or less than 40 pg/mm3, the material is deemed to
have conformed to the first requirement of 5.2.10.

b) If two or fewer of the values obtained are equal to or less than 40 pg/mms3, the material is deemed
to have failed.

c) Ifthree of the values are equal to or less than 40 pg/mm3, repeat the whole test. If all the values are
equal to or less than 40 pg/mm3 on the second occasion, the material is deemed to have passed the
whole teft.

7.12.4.3 Solubility

Calculate theg values for solubility, Ws}, in micrograms per cubic millimetre, for each of the'five specjmens

using the following Formula:

—m3
Wy =—
sl %

where
my is the conditioned mass, in micrograms, prior to imersion in water (see 7.12.3.1)
m3 is the mass of the reconditioned specimen, insthicrograms (see 7.12.3.4);

% is the volume of the specimen, in cubic millimetres (see 7.12.3.2).

7.12.4.4 Treatment of solubility test results

Report the s¢lubility results as follows:

a) Ifatleast four of the values obtained.are equal to or less than 7,5 pg/mm3 the material is deened to
have corfformed to the second requirement of 5.2.10.

b) Iftwo orless of the values obfained are equal to or less than 7,5 pg/mms3 the material is deenped to
have failed.

c) If three pf the values,dre equal to or less than 7,5 pg/mm3 repeat the whole test. If, on the spcond
occasior, at least four<of the values are equal to or less than 7,5 pg/mm3, the material is deemped to
have pagsed the whole test.

NOTE The test for solubility is technically demanding and it is for this reason that the requirement following

asecond serief oftests is lower than for other tests in this document. Solubility is considered to be a manifeqtation

of material q

1iE
lll.y-

7.13 Shade and colour stability after irradiation and water sorption

7.13.1 General

The test is intended to demonstrate the colour stability of a material after xenon lamp irradiation
and after water sorption by comparing an irradiated specimen and a non-irradiated, water immersed

specimen wi

th a dry reference specimen. Carry out the test in accordance with ISO 7491.

7.13.2 Apparatus

7.13.2.1 Oven capable of being maintained at (37 + 2) °C.
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